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EXPERIMENTAL SECTION
All the reagents were purchased from Sigma-Aldrich, except the room temperature ionic liquids, which were ultra-high purity grade RTILs from Merck. The ionic liquids studied were trihexyl(tetradecyl)phosphonium tris(pentafluoroethyl)trifluorphosphate [P14, 6, 6, 6] [FAP], trihexyl(tetradecyl)phosphonium bis(trifluoromethylsulfonyl)imide [P14, 6, 6, 6] [FAP] . Hydrochloric acid (HCl), lithium chloride (LiCl), sodium chloride (NaCl) and potassium chloride (KCl) solutions were prepared in purified water (resistivity: 18.2 MΩcm) whilst deuterium chloride (DCl) was prepared in deuterated water (D2O). Tetrapropylammonium chloride (TPrACl) was prepared in various concentrations of aqueous HCl. The electrochemical experiments were performed using an Autolab PGSTAT302N electrochemical analyser (Metrohm Autolab). The microinterface arrays were formed using a 30 micropore silicon membrane with pores in a hexagonal arrangement. The pore diameter was 22.4 µm with a pitch of 200 µm. The fabrication provides hydrophobic pore walls, as previously described. [1] The silicon membranes were sealed onto a glass cylinder to introduce the aqueous phase solution. A reference solution was placed in a fritted glass tube and then both tubes were immersed into the RTIL, as described elsewhere. [2] The two-electrode (Ag/AgCl) electrochemical cell arrangement is summarised in Scheme 1. Alternating current voltammetry (ACV) and electrochemical impedance spectrometry (EIS) were carried out at 5 mV amplitude, at 6 Hz for ACV, and 500 kHz to 0.5 Hz for EIS. 
Measurement of half-wave potentials
Due to the short potential window and the transfer at similar potentials of TPrA + and H + , the measurement of the half-wave potential of H + transfer versus that of tetrapropylammonium TPrA + was challenging. For this reason, different concentrations of HCl were characterized in the presence and absence of TPrA + . The half-wave potential (Δ 1/2 ) values were referenced to the transfer potential of TPrA + (Δ 1/2 + ) ( Figure SI-4) . The half-wave potentials were measured for 5, 10, 50, 100 and 500 mM HCl by measuring the potential were the current reached half of the steady state current (ca. 2 and 10 nA for 5 and 100 mV s -1 , respectively). Then these potential values were calibrated relative to the transfer potential of tetrapropylammonium (TPrA + ). 
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VOID SIZE ESTIMATION
For hydronium ions, the diameter is ca. 2.8 Å [3] (r = 0.14 nm). For deuterated hydrogen cations (D + ) the values are almost identical to hydronium as the (unsolvated) radius is ~0.036 nm. [3] [4] Solvated lithium cations are larger than solvated protons. While Li + (r ~0.069 nm) can be solvated with n water molecules (n = 1-6 or 8), [5] the theoretical diameter for Li(H2O)4 + is ca. 6 Å (r = 0.3 nm), assuming the Li-O bond length is 1.942 Å [6] and the O-H distance is 1.1 Å. [7] The larger alkali metals (radius: Na + ~0.102 < K + ~0.138 nm) [3] [4] also present larger hydrated radii. Estimation of the ion radii according to Persson [8] for Li + , Na + . These data were estimated based on bond lengths (C-P 1.87 Å, C-C 1.54 Å, C-F 1.33 Å, C-H 1.09 Å. [9] ) and are for illustrative purposes only.
Another estimation of the void volume (Vv) suggested by Larriba et al., [10] takes into account the density of the ionic liquid: 3 [11] and 0.805 nm 3 , [12] and for [FAP] -are 0.334 nm 3 [11] and 0.383 nm 3 . [12] The four combinations of these two sets of ion volumes provide an estimate of the void volume range. Thus VV is 0.12 -0.18 nm 3 . However, the mean void is 1/6 of the free void volume (VV) because in a hexagonal lattice there are 6 cavities per ion pair. [10] Therefore VV = 0.02 -0.03 nm 3 and provides a mean radius of 0.17 -0.19 nm ( Thus, the void size (r ~ 0.17 -0.19 nm) would satisfy the idea that only H3O + or D3O + (r = 0.14 nm) can fill the voids within the ionic liquid, leading to a new capacitive layer at the water/ionic liquid interface which reduces the mobility of hydronium within the RTIL. This is further supported by the solvated alkali metal radii (r ≥ 0.29 nm), which cannot be accommodated within the RTIL voids.
